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This invention relates to microwave generators sion, two control electrodes and two energy ab- 
of the hollow cavity resonator type in which the sorbing electrodes. 
oscillatory voltage is developed through the den- These and other objects and the advantages 
sity modulatiol] of an electron beam. of the invention will be apparent from the fol- 
In apparatus of this geriéral type, electrons of. 5 lowing specification when taken with the ac- 
initially homogeneous velocity are subjected fo companying drawings, in which: 
an alternating current field of ultra high fre- Fig. 1 is a perspective view, with parts broken 
quency, and thus modulated as regards their away, of a hollow resonator cavity embodying the 
velocity so that more or less definite groups of invention; 
electrons are formed a certain distance away 10 Figs«2, 3 and 4 are perspective views of other 
from .the modulator, these electr0n groups then forms of resonator cavities embodying the inven- 
developing alternating voltages in an inductor, tion; .  
Some Of the known microwave generators of this Fig. 5 is a perspective view, with parts broken 
hollow cavity resonator type have a poor transit away, of a.microwave generator including a car- 
rime So that the alternating voltages of the res- 15 ity resonator of the"type illustrated in Fig. 1;  
onator oscillations must be relatively large to Fig.. 6 is a similar perspective view of a micro- 
prevent .the efficiency from dropping below a cet- wave generator including  cavity resonator of 
tain value, gnd in other known generators the the type illustrated in Fig. 2; and 
energy absorbing grids are hot  1Ocated at points Fig. 7 is a perspective view, as seen in centrgl 
between which the developed oscillatory voltages «0 vertical section, of another embodiment in which 
are a maximum, so that also in this case the the hollow cavity resonator and assQciated ele- 
maximum efficiency is hot obtained, ments constitute the major portion ,of the en- 
Objects of the present invention are to provide velope of the tube. 
microWave generators which avoid the disad- In Fig. 1 .the reference numerals I, 2 identify 
vantages of the prior devices and operate with «5 the approaching and exit portions, respectively, 
relatively high efficiency. An object is to provide of n electron beam of initially homogeneous 
a microwave generator of the hollow cavity re- composition which passes downwardly through 
sonator .type in which the voltage maximum of an elongated hollow cavity resonator 3 which,is 
the electrical oscillations is set up at ónly one re- closed at b0th ends, and preferably, as illustrated," 
gion of the resonator cavity when oscillation at 3 is of-rectangular cross-section. The corners .of 
the fundamental frequency Of the cavity is estab- the parallelepiped may be rounded off, or an el- 
lished. An object is to proVide a resonator car- liptical or circular cross-section may be employed, 
ity type of microwave generator in which the but:thé rectangular cross-section is the present- 
feedback factor is less than unity and Aan be ly preferred construction. Assuming that the 
established at practically any desired value by 35 path of thé electron beam is deflected through 
the relative location of the control electrodes 180 ° by a magnetic field, as will be described later, 
wih respect to a wall of the cavity. An object the electron beam may again penetrate the cav- 
is to provide a resonator cavity type of micro- i.ty resonator 3; the portion 4 of the reversed di- 
wave generator in which the Control grid and rection beam passing upwardly through the cav- 
energy absorbing electrodes form parts of walls 40 ity resonator t0 emerge as the beam section 5. 
ofthe resonator cavity, whereby currents may Control elctrQde 5, 5 are arranged at or in the 
fiow to them from all directions and thus elimi- planes of the upper and lower walls of the resona- 
nate the losses which arose from the heating of tor in the path of the beam sectior/, and energy- 
the electrode leads which were essentialin prior absorbing grids ], ] are similarly arranged at or 
constructions. More specffically, objects of the 45 in the planes of the upper and lower walls at, ap-- 
invention are to provide microwave generators proximaelY the center of the resoloEator and in 
including hollow cavity resonators with elec-, the path of the beam section.4. 
trodes for developing oscillations through the When oscillations: are generated in the reso-'. 
phase-focusing of electrons, and in which at nator 3, the electrons of the substaritially ho-- 
least one electron beam penetrates, in succes- 50 mogeneous beam section I are velocity-modu- 
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lated by the alternating electrical field between 
the control e!ectrodes 6, 6, so that phase-focus- 
ing occurs in the section 2 of the beam. The 
electricil oscillations within the resonator 3 are 
amplified by the passage of the non-homogeneous 
section 4 of the beam through the resonator pro- 
vided, of course, that the travel of the bunched 
groups of electrons and the alternating elec- 
trical fields at the energy-absorbing grids 7, 7 
are properly related. If is not necessary fo pro- 
vide speciil meins for initiating oscillations in 
the hollow cavity resonator as accidental inho- 
mogeneities in the entrance beam section ! wi]l 
set up oscillations. 
With the horizontal edges designated A and 15 
B respectively, and the vertical edges designited 
C, as shown in Fig. 1, the electrical field strength. 
resulting from the oscillations is directed par- 
al]el fo the edges C, and ifs magnitude is zero 
af the end and side walls AC and BC, and fol- a 
lows a sinusoidal course between these walls. 
The wave length k of the fundamental oscilla- 
tion is determined by the dimensions of the res- 
onator and, when the edges A and B perpendicu- 
lit fo the direction of the field strength bave 25 
length a and b respectively 

the electrical field in the energy-absorbing elec- 
trodes 7. 
Another modification to locate the modulator 
and inductor elements of the resonator in a 
5 straight line is shown in Fig. 3. This J-shaped 
form of the resonator 3b may be viewed as de- 
veloped from the Fig. 1 resonator by bending one 
end portion of the resonator fo bring the axis 
of the beam path through the electrodes {} into 
]0 coincidence with the axis of the energy-absorb- 
ing electrode 7. The operating characteristics 
of this form of the invention are substantially 
identical with those of the previously described 
constructions. 
A further constructional arrangement for 
eliminating the magnetic field system of the Fig. 
I embodiment is illustrated in Fig. 4. An aux- 
iliary resonitor 9 is arranged below the reso- 
nator 3 and excited by the electron beam , 2 
which penetrates the control electrodes {} of the 
resonator 3 and electrodes 
and a second electron beam 
mogeneous composition passes upwardly through 
the electrodes 2 of resonator 9 and the energy- 
absorbing electrodes 
The ftmdamental frequency may be varied by 
altering the volume of the frequency-determining 
hollow space ai points where the magnetic or 
electrical fields are strongest. Such an adjust- 
30 ment may be obtained if the wall of the res0nator 
is flexible and a pressure screw is provided, or 
if a metal piston is mounted for adjustment fo 
penetrate into the hollow space to an adjustable 
extent. The first arrangement, as illustrated in 
35: Fig. 2, comprises a bracket 3 mounted on the 
resonator 3a and having a bushing through which 
a screw   is threaded fo contact a flexible portion 
of the circumferential wall of the resonator. 
The adjustable piston construction for controlling 
40 the fundamental frequency will be described later. 
Various arrangements for the mounting of the 
hollow cavity resonators and associated elements 
of a micro-wave generator within an evacuated 
envelope are of course possible. As shown some- 
45 what schematically in Fig. 5, a resonator 3 of the 
right parallelepiped type is mounted by one or 
morestruts ! within an evacuated envelope 
An electron gun assembly comprising a hot cath- 
ode !7 and focusing electrode 9 establishes the 
50 electron beam  which is accelerated by a collect- 
ing electrode  9 which is maintained at a positive 
potential. The direction of the beam is reversed 
after its first passage through the resonator 3 by 
a magnetic field structure comprising a yoke 2{} 
55 and winding 2. An output loop 22 extends into 
the resonator cavity and is suitably mounted in 
and supported by the envelope 
A ring-shaped resonator 3a such as shown in 
Fig. 2 may be supported within a glass envelope 
60 23 by means of metal plates or tabs 24 soldered 
fo opposite sides of the resonator and to support- 
ing rods or wires 2, see Fig. 6. The electron gun 
assembly !7, {} may be substantially identical 
with that illustrated in Fig. 5. A collecting elec- 
65 trode 2{} of disk form is supported in alinement 
with the electron gun and the electrodes of the 
resonator by a rod or wire 2. A coupling looP 
22' penetrates the resonator cavity and is sup- 
ported by a tubular extension 2' of the envelope. 
70 In an ail-ruerai tube construction, as shown in 
Fig. 7, the envelope is formed by the parallel 
walls 29 of circular form and the outer cylindrical 
wall 29 of the resonator b. The resonator is 
completed by the inner cylindricil wall 3{} and 
75 the radial wall $ which is adjacent the control 

1  I  

There is a voltage antinode af the center of 
the resonator when oscillations are set up af the 
fundamental frequency, and therefore a maxi- 
mum alternating effect exists between the phase- 
focused beam and the electrical field at the en- 
ergy-absorbing electrodes 7. The control elec- 
trodes {}, {} are located in the vicinity of one of 
the end walls ac, i. e. in a region where the elec- 
. trical field strength is small, whereby the feed- 
back factor is less than unity; and if is essen- 
tial that this condition be fulfilled if maximum 
efficiency is fo be obtained. The degree of feed- 
back may be preselected af a desired value by an 
appropriate selection of the spacing of the con- 
trol electrodes from the end wall or may be 
justed by providing means, similar fo those dis- 
closed hereinafter for :arying the volume of the 
resonator cavity, for varying the spacing of the 
control electrodes from the end wall. 
Itis possible, by an appropriate shapingof the 
elongated hollow cavity resonator, fo eliminate 
the magnetic field system which must be em- 
ployed, fo reverse the direction of the beam with 
a .cavity resonitor as shown in Fig. 1. A ring- 
shaped resonator 3a permits the location of the 
sers of control electrodes {} and energy-absorb- 
ing electrodes 7 in a straight line, see Fig. 2. 
The ring resonator a may be assumed fo be 
constructed from the right parallelepiped cavity 
3 of Fig. '1 by bending the latter fo bring the end 
surfaces ac into engagement with each other. 
The wall {} which extends radially across the 
nulus 3a of rectangular cross-section provides a 
common wall A' C' for the opposite ends of the 
cavity resonator.. This partition will {} is lo- 
cited adjacent the control electrodes {}, and 
therefore af some distance from the energy-ab- 
sorbing electrodes 7. The type of oscillations is 
the saine as with the Fig. I construction and, 
since the saine conditions as fo maximum ad 
minimum electricil field strength apply to the 
ring resonator of Fig. 2, the feedback factor is 
less-rhin unity as the electrical field in the re- 
gion of the control electrodes {} is smaller than 
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electr6de G, G. A domê 31 éxtends above the 
outer'wall 29 and may serve"as' the Collecting 
electrode'or, aseparate collecting.electrode may 
besupported within and insulated from the dome 
andenvel0pe. Theelectron gun assembly 17, - 13 
is mounted in a glass or ceramic cup 3-whic! / is 
united to a short cylindrlcal sleeve or bushlng. 33 
Weided to the outer wall 29 l. - 
The fundamental frequency may be altered by 
a metal piston 34 which is sealed within the tube 
by a corrugated flexible sleeve 35, and is mounted 
on a shaft 36 which is threaded through the end 
wall of a metal cap 37 soldered or welded to a 
side wall 28 of the tube. A knob 36 for manual 
adjustment of the piston 34 is secured to the end 
of the shaft 36. In this constructional example 
of the invention the control electrodes $ and 
energy absorbing electrodes 7 are hot in the form 
of screens, but consist of openings in the walls 
of the resonator. In the centre of the tube there 
is an accelerating electrode 39 which consists of 
a cylinder the axis of which lies in the direction 
of the electron beam. An output loop for absorb- 
ing the high frequency power is located on the 
opposite side of the tube axis and is therefore hot 
visible in the figure. 
The several illustrated embodiments are indic- 
ative of the wide latitude in the design and con- 
struction of micro-wave generators embodying 
the invention and it is to be understood that 
other modifications which may occur to those 
familiar with the art fall within the spirit and 
scope of the invention as set forth in the following 
claires. 
I claim: 
1. A micro-wave generator comprising a single 
elongated hollow cavity resonator of substantially 
unobstructed uniform cross-section between two 
end walls, a pair of control electrodes at opposed 
walls of said hollow cavity resonator adjacent 
one of said end walls and spaced substantially 
ïrom an anti-node of the electrical field estab- 
lished during operation of the generator, a pair 
of energy absorbing electrodes at opposite walls 
of said hollow cavity resonator and located closer 
to an anti-node of the electrical fleld than said 
control electrodes, means for developing an elec- 
tron beam, and means for directing said electron 
beam through said pair of control electrodes and 
said pair of energy absorbing electrodes in series, 
the spacing and relative locations of said control 
electrodes and said energy absorbing electrodes 
being such that the feedback factor is less than 
unity. 
2. A micro-wave generator as recited in claire 
1, wherein said hollow cavity resonator is of paral- 
lelepiped form. 
3. A micro-wave generator as recited in claim 
2, wherein means is provided for deflecting said 
electron beam through 180 ° in passage between 
said control electrodes and said energy absorbing 
electrodes. 
4. A micro-wave generator as recited in claire 
1, wherein said hollow cavity resonator comprises 
a tubular body of rectangular cross-section bent 
to position the several control and energy ab- 
sorbing electrodes in alinement. 
5. A micro-wave generator as recited in claire 
4, wherein said hollow cavity resontor comprises 
a hollow body of J-shape. 
6. A .micro-wave generator as recited in claire 
1, wherein said hollow cavity resonator is an an- 
nulus of rectangular cross-section with a wall 
extending radially across the annulus to provide 

a coinoi wall. for the opposite ends of the elon  
gated hollow cavity resonator. 
7. A micro-wave generator as recited in.láim 
4, wheréin said electrodes are positioned in the 
5 circulnferential walls of said hollow cavity reso- 
nator. 
 8. A micro-wave generator as recited in claire 
1, wherein said electrodes are symmetrically ar- 
ranged with respect to a medial plane of said 
10 hollow cavity resonator which is parallel to the 
path of the electron beam. 
 9.-A micro-wave generator as recited in claire 
1, wherein said electrodes form parts of the walls 
of said hollow cavity resonator. 
15 10. A micro-wave generator as recited in claire 
1, wherein said energy absorbing electrodes are 
located at points at which the maximum alternat- 
ing voltage is developed by said hollow cavity 
resonator. 
20 11. A micro-wave generator as recited in claim 
1, in combination with means at a point of maxi- 
mum magnetic energy to vary the volume of said 
hollow cavity resonator to control the frequency 
of the generated micro-wave energy output. 
25 12. A micro-wave generator as recited in claire 
1, in combination with means at a point of maxi- 
mure electrical energy to vary the volume of said 
hollow cavity resonator to control the frequency 
of the generated micro-wave energy output. 
30 13. A micro-wave generator comprising an 
evacuated envelope, an electron gun and a col- 
lecting electrode within said envelope and adapted 
to establish a linear stream of electrons, an elon- 
gated hollow cavity resonator comprising an an- 
35 nulus of rectangular cross-section having dia- 
metrically located openings in the circumferential 
walls thereof to pass said linear electron stream, 
a wall extending radially across said annulus and 
closer to the pair of circumferential wall open- 
40 ings at the electron gun side of said annulus 
than to the other pair of circumferential wall 
openings, and coupling means extending into said 
annulus for connection to a load circuit. 
14. A micro-wave generator as recited in claire 
45 13, wherein said coupling means is a loop. 
15. A micro-wave generator as recited in claire 
13, wherein electrode means extend across and 
in the planes of the respective wall openings of 
said annulus. 
5o 16. In a micro-wave generator, the combination 
with an evacuated envelope, an elongated hollow 
cavity resonator of parallelepiped form withln 
said envelope, an electron gun for establishing 
an electron stream, openings in opposite walls of 
55 said cavity resonator in line with said electron 
stream, and a second pair of openings in said 
opposite walls, of means for reversing the direc- 
tion of travel of said electron stream to pass 
through said second pair of openings; said means 
6o comprising a collecting electrode and means 
creating a magnetic field. 
17. In a mlcro-wave generator, an elongated 
hollow cavity resonator comprising inner and 
outer cylindrical walls cooperating with circular 
65 end plates to form an envelope, a radial wall 
extending between said inner and outer walls 
to constitute end closures for said elongated 
hollow cavity resonator, diametrically alined 
openings in said inner and outer cylindrical walls, 
7O the axis of said alined openings being at an acute 
angle to said radial wall, an electron gun in aline- 
ment with said openings, an electrode cooperating 
with said electron gun for establishing an elec- 
tron stream through said openings, and means 
75 adjustable into the space between sald inner and 
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curer cylindrical walls to control the frequency of 
the micro-wave energy developed by said gen- 
erator. ' 
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